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ARRAY SUBSTRATE, LCD DEVICE AND
DRIVING METHOD

CROSS REFERENCE OF THE RELATED
APPLICATIONS

The present application claims priority to and incorpo-
rates by reference the entire contents of Chinese priority
document 201210405075.9, filed in China on Oct. 22, 2012.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the technical field of
liquid crystal display (LCD), and more particularly to an
array substrate, an LCD device and a driving method.

2. Description of the Prior Art

So far the driving for each pixel unit in an array substrate
of an LCD device may be achieved by: a voltage is applied
on a pixel electrode which covers the pixel unit, so that an
electric field is generated between a pixel electrode and a
common electrode, and thus liquid crystal molecules in the
pixel rotate for a certain angle, so as to transmit or block off
lights.

The common electrode is configured for supplying a
uniform common voltage V___ ., to all pixel units; the pixel
electrode is configured for supplying a pixel voltage V_,,..;
to a corresponding pixel unit; and the voltage is configured
for controlling an amount of light that transmits the pixel
unit. When a frame of image is required to be displayed by
the LCD device, a mode of line scanning (i.e. pixel units are
turned on line by line, and the pixel units in a current line are
turned off when the pixel units in a next line are about to be
turned on) is usually applied. The pixel voltage is applied on
the pixel electrodes when the pixel units are turned on, so
that the display of the image is implemented.

During the process of implementing the display of the
image by the electrical field between the pixel voltage and
the uniform common voltage, if the pixel voltages of two
pixel units in neighboring lines of a same column are
different, the pixel electrode of the pixel unit that is turned
on later is coupled to the common electrode, which may lead
to the variation of the common voltage on the common
electrode. As a result, the electrical field between the pixel
electrode of the pixel unit that is turned on earlier and the
common electrode varies, which results in a greenish phe-
nomenon.

Furthermore, the pixel electrode is generally coupled to a
drain electrode of a thin film transistor (TFT) in the corre-
sponding pixel unit. The TFT is also turned off when the
pixel unit is turned off. When the TFT is turned off, the pixel
voltage on the pixel electrode gradually decreases as time
elapses because of a leakage current and a parasitic capaci-
tor, so that the voltage difference between the pixel electrode
and the common electrode varies, which results in a flicker
phenomenon.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide a pixel
unit, an array substrate, an LCD panel, an LCD device and
a driving method for solving the problem of greenish
phenomenon and image flickering phenomenon which
appear when a conventional LCD device displays an image.

For achieving the above object, an embodiment of the
present invention provides the following technical solution:
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A pixel unit may comprise a first thin film transistor
(TFT), a second TFT, a first pixel electrode and a second
pixel electrode. The drain electrode of the first TFT may be
electrically coupled to the first pixel electrode. The drain
electrode of the second TFT may be electrically coupled to
the second pixel electrode. And the first pixel electrode may
be electrically insulated from the second pixel electrode, so
that when a voltage difference exists between the first pixel
electrode and the second pixel electrode, an electrical field
is generated between the first pixel electrode and the second
pixel electrode.

Preferably, the pixel unit may further comprise two gate
lines and one data line. The gate electrode of the first TFT
may be electrically coupled to a first gate line of the two gate
lines. The gate electrode of the second TFT may be electri-
cally coupled to a second gate line of the two gate lines. The
source electrodes of the first and second TFTs may be
electrically coupled to the data line.

Preferably, the pixel unit may further comprise two gate
lines and two data lines. The gate electrode of the first TFT
may be electrically coupled to a first gate line of the two gate
lines. The gate electrode of the second TFT may be electri-
cally coupled to a second gate line of the two gate lines. The
source electrode of the first TFT may be electrically coupled
to a first data line of the two data lines. And the source
electrode of the second TFT may be electrically coupled to
a second data line of the two data lines.

Preferably, the pixel unit may further comprise one gate
line and two data lines. Gate electrodes of the first and
second TFTs may be electrically coupled to the gate line. A
source electrode of the first TFT may be electrically coupled
to a first data line of the two data lines. The source electrode
of the second TFT may be electrically coupled to a second
data line of the two data lines.

Furthermore, the second pixel electrode may be a whole
layer coated electrode; the first pixel electrode may be a
strip-shaped electrode; and the first pixel electrode may be
arranged on the second pixel electrode having an insulation
layer sandwiched therebetween.

Furthermore, the drain electrode of the first TFT may be
electrically coupled to the first pixel electrode via a via-hole.
The drain electrode of the second TFT may be directly and
electrically coupled to the second pixel electrode.

Preferably, the first pixel electrode and the second pixel
electrode may be formed on a same layer. Both the first pixel
electrode and the second pixel electrode may be strip-shaped
electrodes.

Further, the first and second TFTs may have the same
parameters.

Preferably, the first and second TFTs may have a same
parasitic capacitor.

Preferably, the first pixel electrode, the second pixel
electrode and the data lines may be formed on a same layer.

An array substrate may comprise a plurality of pixel units
as described above arranged in form of matrix, for example.

Preferably, two pixel units that are in a same column and
are in neighboring rows share one gate line.

A liquid crystal display (LCD) panel may comprise the
array substrate as described above.

An LCD device may comprise the LCD panel as
described above.

A driving method for a pixel unit is also provided. The
pixel unit may comprise a first TFT, a second TFT, a first
pixel electrode and a second pixel electrode. A drain elec-
trode of the first TFT may be electrically coupled to the first
pixel electrode. A drain electrode of the second TFT may be
electrically coupled to the second pixel electrode. The first



US 9,478,566 B2

3

pixel electrode may be electrically insulated from the second
pixel electrode. The driving method may comprise: provid-
ing a first voltage to the first pixel electrode; providing a
second voltage to the second pixel electrode; generating an
electrical field between the first pixel electrode and the
second pixel electrode, when a voltage difference exists
between the first voltage and the second voltage.

Preferably, the pixel unit may further comprise two gate
lines and one data line. The step of providing the first voltage
to the first pixel electrode of the pixel unit may specifically
comprise: applying a turn-on voltage to a first gate line of the
two gate lines that is electrically coupled to a gate electrode
of the first TFT, so as to turn on the first TFT; applying the
first voltage to the first pixel electrode by the data line that
is electrically coupled to a source electrode of the first TFT.
The step of providing the second voltage to the second pixel
electrode of the pixel unit may specifically comprise: apply-
ing the turn-on voltage to a second gate line of the two gate
lines that is electrically coupled to the gate electrode of the
second TFT, so as to turn on the second TFT; applying the
second voltage to the second pixel electrode by the data line
that is electrically coupled to the source electrode of the
second TFT.

Preferably, the pixel unit may further comprise two gate
lines and two data lines. The step of providing the first
voltage to the first pixel electrode of the pixel unit may
specifically comprise: applying a turn-on voltage to a first
gate line of the two gate lines that is electrically coupled to
a gate electrode of the first TFT, so as to turn on the first TFT;
applying the first voltage to the first pixel electrode by a first
data line of the two data lines that is electrically coupled to
a source electrode of the first TFT. The step of providing the
second voltage to the second pixel electrode of the pixel unit
may specifically comprise: applying the turn-on voltage to a
second gate line of the two gate lines that is electrically
coupled to the gate electrode of the second TFT, so as to turn
on the second TFT; applying the second voltage to the
second pixel electrode by a second data line of the two data
lines that is electrically coupled to the source electrode of the
second TFT.

Preferably, the pixel unit may further comprise one gate
line and two data lines. The step of providing the first
voltage to the first pixel electrode of the pixel unit and the
step of providing the second voltage to the second pixel
electrode of the pixel unit may be implemented simultane-
ously, which specifically comprises: applying a turn-on
voltage to the gate line that is commonly and electrically
coupled to the gate electrode of the first TFT and the gate
electrode of the second TFT, so as to turn on the first and
second TFTs simultaneously; applying the first voltage to
the first pixel electrode by a first data line of the two data
lines that is electrically coupled to a source electrode of the
first TFT; meanwhile, applying the second voltage to the
second pixel electrode by a second data line of the two data
lines that is electrically coupled to the source electrode of the
second TFT.

In the pixel unit, the array substrate, the LCD panel, the
LCD device and driving method provided by the embodi-
ments of the present invention, since two pixel electrodes are
arranged in the pixel unit and each of the pixel electrodes is
respectively controlled by a corresponding TFT, the rotation
direction of the liquid crystal molecules may be controlled
by the voltage difference between the two pixel electrodes,
while the voltages on the pixel electrodes of other pixel units
in the array substrate is not affected, so that the greenish
phenomenon can be avoided. Furthermore, since the two
TFTs for controlling the two pixel electrodes respectively
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may have same parasitic capacitor when the pixel unit is
turned off, the voltage difference between the two pixel
electrodes is kept unchanged, so that the occurrence of the
image flickering phenomenon can be avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following, the figures associated with embodiments
of the present invention will be briefly described for further
clarifying the technical solutions in the embodiments.

FIG. 1 is a top view of a kind of pixel unit according to
an embodiment of the present invention;

FIG. 2a is a sectional view along A-A' of the pixel unit as
illustrated in FIG. 1,

FIG. 2b is a sectional view along B-B' of the pixel unit as
illustrated in FIG. 1,

FIG. 3 is a top view of another kind of pixel unit
according to an embodiment of the present invention;

FIG. 4 is a partial top view of a kind of array substrate
according to an embodiment of the present invention;

FIG. 5 illustrates a voltage waveform of a driving method
for the array substrate according to an embodiment of the
present invention;

FIGS. 6a-6c¢ each illustrates simplified schematic dia-
grams of three connection modes between a gate line and a
data line in the pixel unit and the TFT according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following, the technical solutions in the embodi-
ments of the present invention will be clearly and fully
described in conjunction with the figures in the embodi-
ments of the present invention.

As illustrated in FIG. 1, an embodiment of the present
invention provides a kind of pixel unit, comprising: a first
TFT T1, a second TFT T2, a first pixel electrode P and a
second pixel electrode PB; the drain electrode 15 of the first
TFT T1 is electrically coupled to the first pixel electrode P;
the drain electrode 16 of the second TFT T2 is electrically
coupled to the second pixel electrode PB; and the first pixel
electrode P is electrically insulated from the second pixel
electrode PB, so that when a voltage difference exists
between the first pixel electrode P and the second pixel
electrode PB, an electrical field is generated between the first
pixel electrode P and the second pixel electrode PB for
controlling the rotation direction of liquid crystal molecules.

According to the embodiment of the present invention,
the feature of the pixel unit lies in that: both electrodes for
generating the electrical field are provided on an array
substrate, and these two electrodes are insulated from each
other. The pixel unit having such a structure is widely used
in ADS (or AD-SDS, Advanced Super Dimension Switch)
LCD panel and IPS (In-Plane Switching) LCD panel. The
LCD device with the ADS/IPS LCD panel has a wider
viewing angle.

Here, the ADS may form a multi-dimensional electric
field from an electric field generated by a slit electrode edge
on a same plane and an electric field generated between a slit
electrode layer and a plate electrode layer, so that each of all
oriented liquid crystal molecules between the slit electrodes
in a liquid crystal cell and just over the electrodes may result
in a rotation, and thus the operation efficiency of the liquid
crystals is improved and the light transmission efficiency is
increased. The ADS may improve the image quality of a
TFT-LCD product, and have the advantages of high resolu-
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tion, high transmittance, low power consumption, wide
viewing angle, high aperture ratio, low chromatic aberration,
push Mura free, and etc.

IPS may form a horizontal electrical field by a plurality of
strip-shaped pixel electrodes and a plurality of strip-shaped
common electrodes that are in parallel and arranged alter-
nately. The electrical field direction of this horizontal elec-
trical field is parallel to the substrate on which the pixel unit
is formed, and this horizontal electrical field is configured
for activating the rotation of the liquid crystal molecules in
the pixel unit, so as to implement the image display.

The pixel unit according to the embodiment of the present
invention is mainly different from the pixel unit in the
conventional ADS/IPS LCD panel in comprising two TFTs
that are configured for controlling two electrodes (pixel
electrodes) respectively.

Since respective pixel units in conventional array sub-
strate share a common electrode, the greenish phenomenon
takes place due to the variation of the voltage of the common
electrode which is caused by the capacitance coupling
between the pixel electrode and the common electrode. In
contrast, in the embodiments of the present invention, the
pixel unit substitutes for the conventional common electrode
by arranging two pixel electrodes which are insulated from
each other. And these two pixel electrodes are controlled
respectively by two TFTs in the pixel unit. Therefore, when
the pixel unit is turned on, the rotation direction of the liquid
crystal molecules are controlled by two electrodes (pixel
electrodes) in the pixel unit which are independent from
other pixel units, and the other pixel units are not affected at
all. Therefore, the greenish phenomenon can be avoided.

Furthermore, the first and second TFTs may have exactly
same parameters. Specifically speaking, the first and second
TFTs may have the same parasitic capacitor. Here, the
parasitic capacitor includes the parasitic capacitor between a
gate electrode and a source electrode of the TFT, the
parasitic capacitor between the gate electrode and a drain
electrode of the TFT, or the parasitic capacitor between the
source electrode and the drain electrode of the TFT. In the
embodiments of the present invention, when the pixel unit is
turned on, an electrical field is generated between the two
pixel electrodes, and then the pixel unit is turned off, i.e. the
TFTs for controlling the two pixel electrodes respectively
are turned off. At this point, since a parasitic capacitor exists
in both TFTs, the voltages on both pixel electrodes will drop
simultaneously. And two parasitic capacitors between gate
electrodes of the two TFTs and source electrodes or drain
electrodes may become equivalent by controlling processing
parameters. As a result, since the two parasitic capacitors are
the same, the voltage drop capabilities of the two pixel
electrodes are kept unchanged, so that the voltage difference
between the two pixel electrodes is stable, and thus the
occurrence of image flickering can be avoided.

Based on the above description, it is known that in the
embodiments of the present invention, since two pixel
electrodes are arranged and each of the pixel electrodes is
respectively controlled by a corresponding TFT, the rotation
direction of the liquid crystal molecules may be controlled
by the voltage difference between the two pixel electrodes,
while the voltage on the pixel electrodes of other pixel units
in the array substrate is not affected, so that the greenish
phenomenon can be avoided. Furthermore, since the two
TFTs for controlling the two pixel electrodes respectively
may have same electricity leakage capability when the pixel
unit is turned off, the voltage difference between the two
pixel electrodes is kept unchanged, and thus the occurrence
of the image flickering can be avoided.
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The pixel unit may further comprise a gate line and a data
line. The gate line is coupled to the gate electrode of the TFT,
and is configured for supplying voltage to the gate electrode
of'the TFT, so as to turn on the TFT. The data line is coupled
to the source electrode of the TFT, and is configured for
supplying voltage to the pixel electrode being coupled to the
drain electrode of the TFT. A storage capacitance (not
shown) is also arranged in the above pixel unit, and is
configured for maintaining the voltages of the first pixel
electrode and the second pixel electrode. The storage capaci-
tance may be generated between the pixel electrode and the
common line, or may be generated between the pixel elec-
trode and the gate line.

FIGS. 6a-6¢ each illustrates three connection modes of
the gate line and the data line and the TFT, and the same
components in FIGS. 6a-6¢ may have same reference signs.

The connection mode in FIG. 6a is same as the connection
mode of the gate line and the data line and the TFT shown
in FIG. 1, FIG. 6a is a simplified illustration of FIG. 1, and
the same components in FIGS. 1 and 6a may have same
reference signs. As illustrated in FIGS. 1 and 64, the pixel
unit may comprise two gate lines G1, G2 and one data line
D2. A gate electrode 11 of a first TFT T1 is electrically
coupled to the first gate line G1 of the two gate lines; a gate
electrode 12 of a second TFT T2 is electrically coupled to
the second gate line G2 of the two gate lines; and a source
electrode 13 of the first TFT T1 and a source electrode 14 of
the second TFT T2 are electrically coupled to the data line
D2.

As illustrated in FIG. 65, the pixel unit comprises two gate
lines G1, G2 and two data lines D1, D2; a gate electrode 11
of'afirst TFT T1 is electrically coupled to a first gate line G1
of the two gate lines; a gate electrode 12 of a second TFT T2
is electrically coupled to a second gate line G2 of the two
gate lines; a source electrode 13 of the first TFT T1 is
electrically coupled to a first data line D1 of the two data
lines; and a source electrode 14 of the second TFT T2 is
electrically coupled to a second data line D2 of the two data
lines.

As illustrated in FIG. 6c¢, the pixel unit may comprise one
gate line G1 and two data lines D1, D2; a gate electrode 11
of a first TFT T1 and a gate electrode 12 of a second TFT
T2 are electrically coupled to the gate line G1; a source
electrode 13 of the first TFT T1 is electrically coupled to a
first data line D1 of the two data lines; a source electrode 14
of'the second TFT T2 is electrically coupled to a second data
line D2 of the two data lines.

The pixel unit as illustrated in FIG. 1 is a pixel unit in
ADS display panel, wherein a second pixel electrode PB is
a whole layer coated electrode (which may be regarded as a
plate electrode), a first pixel electrode P is a strip-shaped
electrode (which may be regarded as a slit electrode), the
first pixel electrode P is arranged on the second pixel
electrode PB, there is an insulation layer (not shown)
sandwiching between the first pixel electrode P and the
second pixel electrode PB. It should be noted that the shapes
of the first pixel electrode P and the second pixel electrode
PB, and the relative position relations of the first pixel
electrode P and the second pixel electrode PB are not limited
to the illustration of FIG. 1, and may be other implementa-
tions that may achieve the formation of the multi-dimen-
sional electrical field between the first pixel electrode P and
the second pixel electrode PB.

In the pixel unit as illustrated in FIG. 1, it is preferred that
the two TFTs T1, T2 are formed simultaneously, and the
second pixel electrode PB and the data line D2 are formed
on a same layer, so that a drain electrode of the second TFT
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T2 is directly and electrically coupled to the second pixel
electrode PB. Since the first pixel electrode P covers the
second pixel electrode PB using the insulation layer, a drain
electrode of the first TFT T1 is electrically coupled to the
first pixel electrode P via a via-hole Y, as illustrated in FIGS.
2a-26b.

FIG. 2a is a sectional schematic diagram of the first TFT
T1 along A-A' of FIG. 1, and comprises the substrate 21, the
gate electrode 11, the gate insulation layer 22, the semicon-
ductor layer 23, the source electrode/drain electrode contact
layer 24 from bottom to top in order. The gate electrode 11
of the first TFT is electrically coupled to the gate line G1.
The source electrode 13 of the first TFT covers the source
electrode contact layer 24a, and is electrically coupled to the
data line D2. The drain electrode 15 of the first TFT covers
the drain electrode contact layer 24b. The insulation layer 25
is covered on top of the drain electrode 15, the source
electrode 13, and the partially exposed semiconductor layer
23. A via-hole 28 is arranged on the insulation layer 25. The
first pixel electrode P being formed on the insulation layer
is electrically coupled to the drain electrode 15 via the
via-hole 28.

FIG. 2b is a sectional schematic diagram of the second
TFT T2 along B-B' of FIG. 1, and comprises the substrate
21, the gate electrode 12, the gate insulation layer 22, the
semiconductor layer 26, the source electrode/drain electrode
contact layer 27 from bottom to top in order. The gate
electrode 12 of the second TFT is electrically coupled to the
gate line G2. The source electrode 14 of the second TFT T2
covers the source electrode contact layer 27a, and is elec-
trically coupled to the data line D2. The drain electrode 16
of the second TFT T2 covers the drain electrode contact
layer 27b, and an extension part of the drain electrode 16 is
being used as the second pixel electrode PB.

The same components in FIGS. 1, 2a and 25 have same
reference signs.

The structures as illustrated in FIGS. 24 and 2b are
preferred structures under a condition of simplified process-
ing, i.e. the two TFTs are formed simultaneously, so as to
reduce the process of forming the pixel unit. It should be
noted that the two TFTs may also not be formed simulta-
neously, and the two TFTs are not limited to the bottom gate
structure. Alternatively, one of the two TFTs may be of the
bottom gate structure, and the other TFT may be of the top
gate structure; or both TFTs are of the top gate structure. As
a result, the electrical connection between the pixel electrode
and the drain electrode of the TFT is not limited to the
connection as illustrated in FIGS. 2a and 2b. The specific
connection may be determined based on the structure of the
TFT and the relative position relation between the pixel
electrode and the TFT. For example, when the pixel elec-
trode is above or below the drain electrode of the TFT, i.e.
the pixel electrode is not formed in a same layer as the drain
electrode of the TFT, the pixel electrode is electrically
coupled to the drain electrode of the TFT by the via hole;
when the pixel electrode is formed in a same layer as the
drain electrode of the TFT, the pixel electrode is directly and
electrically coupled to the drain electrode of the TFT, or the
pixel electrode extends for forming the drain electrode of the
TFT, or the drain electrode of the TFT extends for forming
the pixel electrode.

The pixel unit as illustrated in FIG. 3 is a pixel unit in the
IPS display panel, which is different from the pixel unit as
illustrated in FIG. 1 in term of the structure and the position
of the two pixel electrodes. As illustrated in FIG. 3, a first
pixel electrode P' and a second pixel electrode PB' are
formed on a same layer, and both of the first pixel electrode
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P' and the second pixel electrode PB' are strip-shaped
electrodes. In addition, as shown in FIG. 3, the first pixel
electrode P' and the second pixel electrode PB' are arranged
alternately.

The same components in FIGS. 1 and 3 have same
reference signs.

In the pixel unit as illustrated in FIG. 3, it is preferred that
the two TFTs T1, T2 are formed simultaneously, and the first
pixel electrode P', the second pixel electrode PB' and the
data lines D1, D2 are formed on a same layer, so that the
drain electrode 15 of the first TFT T1 is directly and
electrically coupled to the first pixel electrode P', and the
drain electrode 16 of the second TFT T2 is directly and
electrically coupled to the second pixel electrode PB'.

As mentioned above, the two TFTs shown in FIG. 3 are
formed simultaneously, so as to reduce the processes for
forming the pixel unit. It should be noted that the two TFTs
may also not be formed simultaneously. Moreover, one of
the two TFTs may be of the bottom gate structure, and the
other TFT may be of the top gate structure; or both TFTs are
of' the top gate structure; or both TFTs are of the bottom gate
structure. As a result, the electrical connection between the
pixel electrode and the drain electrode of the TFT is not
limited to the direct electrical connection as described
above. The specific connection may be determined based on
the structure of the TFT and the relative position relation
between the pixel electrode and the TFT.

It should be noted that both FIG. 1 and FIG. 3 are only
schematic diagram of the pixel unit. The first pixel electrode
P as illustrated in FIG. 1 comprises three slits in the vertical
direction; and the first pixel electrode P' and the second pixel
electrode PB' as illustrated in FIG. 3 only comprise two
branches. As known by those skilled in the art, the shape of
the two pixel electrodes may be any shape that may cause
the generation of a multi-dimensional electrical field or
horizontal field being parallel to the surface of the pixel unit
between the two pixel electrodes, and may cause the elec-
trical insulation between the two pixel electrodes.

The embodiments of the present invention also provide an
array substrate, which includes a plurality of the above pixel
units that may be arranged in form of matrix. FIG. 4
illustrates four pixel units C that are neighboring in the array
substrate. The structures of these four pixel units C are same
as the structure of the pixel unit as illustrated in FIG. 3. Here,
one pixel unit C may share a gate line with a pixel unit in the
same column and neighboring row. And of course, the
present invention is not limited thereto. It may be seen from
FIG. 4 that a gate line G, is arranged at the intersection by
two neighboring pixel units C in the same column, and the
gate electrodes of the TFTs that are respectively in the two
neighboring pixel units C and are near the gate line G, are
coupled to the gate line G. Here, 1 indicates the sequence
number of the gate line, and G, indicates the i gate line. It
is assumed that the array substrate has pixel units in n rows
and m columns, and then the number of the gate lines of the
array substrate is n+1. The character j in FIG. 4 indicates the
sequence number of the pixel unit, i.e. the pixel units in the
column that correspond to the character j are the pixel units
in the j* column. The source electrodes of the TFTs in the
pixel units in the j* column are coupled to the data line D,
Similarly, the source electrodes of the TFTs in the pixel units
in the j—1” column are coupled to the data line D, ,,and the
source electrodes of the TFTs in the pixel units in the j+1%
column are coupled to the data line D, ,.

The array substrate as illustrated in FIG. 4 adopts the
structure of the pixel units as illustrated in FIG. 3. Naturally
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it may also adopt other structures of the pixel units which are
applicable to the present invention and known by those
skilled in the art.

In the array substrate provided by the embodiments of the
present invention, since it is adopted that the bipolar pixel
unit with two pixel electrodes respectively controlled by
independent TFTs provided by the above embodiment of the
present invention, the occurrence of greenish phenomenon
and image flickering in prior art can be avoided.

The embodiments of the present invention also provide an
LCD device comprising the array substrate. The LCD device
may be a LCD panel, a mobile phone, a computer or a TV
set. Since the bipolar pixel unit with two pixel electrodes
respectively controlled by independent TFTs provided by
the above embodiments are adopted in the LCD device, the
occurrence of greenish phenomenon and image flickering in
prior art can be avoided.

The embodiments of the present invention also provide a
driving method for the array substrate, the array substrate
comprises a plurality of pixel units arranged in form of
matrix. As illustrated in FIG. 1, each pixel unit may com-
prise a first TFT T1, a second TFT T2, a first pixel electrode
P and a second pixel electrode PB. The drain electrode of the
first TFT T1 is electrically coupled to the first pixel electrode
P; the drain electrode of the second TFT T2 is electrically
coupled to the second pixel electrode PB; and the first pixel
electrode is electrically insulated from the second pixel
electrode. The driving method may comprise: providing a
first voltage to the first pixel electrode P; providing a second
voltage to the second pixel electrode PB; when a voltage
difference exists between the first voltage and the second
voltage, an electrical field is generated between the first
pixel electrode and the second pixel electrode.

In the driving method for the pixel unit provided by the
embodiment of the present invention, the conventional com-
mon electrode is replaced by arranging two pixel electrodes
which are insulated from each other in the pixel unit, and
these two pixel electrodes are controlled respectively by two
TFTs in the pixel unit. Therefore, when the pixel unit is
turned on, the voltages are respectively applied to two
electrodes (pixel electrodes) which are independent from
other pixel units by two TFTs to control the rotation of the
liquid crystal molecules, and the other pixel units are not
affected at all. As a result, the occurrence of the greenish
phenomenon can be avoided.

Furthermore, when the pixel unit is turned on, an electri-
cal field is generated between the two pixel electrodes.
Subsequently, the pixel unit is turned off, i.e. the TFTs for
controlling the two pixel electrodes respectively are turned
off. At this point, since a drain electrode current exists in
both TFTs, the voltages on both pixel electrodes will drop
simultaneously and the electricity leakage capabilities of the
two TFTs may be same by controlling processing param-
eters. As a result, the voltage drop capabilities of the two
pixel electrodes are kept unchanged, so that the voltage
difference between the two pixel electrodes is stable. There-
fore, the occurrence of image flickering can be avoided.

Based on the above description, in the driving method for
the pixel unit provided by the embodiment of the present
invention, since two pixel electrodes are arranged in the
pixel unit and each of the pixel electrodes is respectively
controlled by a corresponding TFT, the rotation direction of
the liquid crystal molecules may be controlled by the voltage
difference between the two pixel electrodes, while the volt-
age on the pixel electrodes of other pixel units in the array
substrate is not affected, so that the greenish phenomenon
can be avoided. Furthermore, since the two TFTs for con-
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trolling the two pixel electrodes respectively may have same
electricity leakage capability when the pixel unit is turned
off, the voltage difference between the two pixel electrodes
is kept unchanged, and thus the occurrence of the image
flickering can be avoided.

In the above embodiments, three connection modes of the
connection between the gate line and the data line and the
TFT in the pixel unit are shown by FIG. 6a to FIG. 6c,
respectively. Accordingly, the pixel unit in different connec-
tion mode is to be driven by different driving method. In the
following, the driving methods of the pixel unit shown in
FIG. 6a to FIG. 6¢ will be respectively described.

As illustrated in FIG. 64, the pixel unit comprises two gate
lines G1, G2 and one data line D1. In the driving method for
the pixel unit, the step of providing a first voltage to a first
pixel electrode P specifically comprises: applying a turn-on
voltage to the first gate line G1 of the two gate lines which
is electrically coupled to a gate electrode 11 of a first TFT
T1, so as to turn on the first TFT T1; applying the first
voltage to the first pixel electrode P by the data line D2
which is electrically coupled to the source electrode 13 of
the first TFT T1.

In the above driving method of the pixel unit, the step of
providing a second voltage to a second pixel electrode PB
specifically comprises: applying a turn-on voltage to the
second gate line G2 of the two gate lines which is electri-
cally coupled to the gate electrode 12 of a second TFT T2,
so as to turn on the second TFT T2; applying the second
voltage to the second pixel electrode PB by the data line D2
which is electrically coupled to the source electrode 14 of
the second TFT T2.

As illustrated in FIG. 65, the pixel unit comprises two gate
lines G1, G2 and two data lines D1, D2. In the above driving
method for the pixel unit, the step of providing the first
voltage to the first pixel electrode P specifically comprises:
applying a turn-on voltage to the first gate line G1 of the two
gate lines which is electrically coupled to the gate electrode
11 of the first TFT T1, so as to turn on the first TFT T1;
applying the first voltage to the first pixel electrode P by the
first data line D1 of the two data lines which is electrically
coupled to the source electrode 13 of the first TFT T1.

In the above driving method for the pixel unit, the step of
providing the second voltage to the second pixel electrode
PB specifically comprises: applying a turn-on voltage to the
second gate line G2 of the two gate lines which is electri-
cally coupled to the gate electrode 12 of the second TFT T2,
so as to turn on the second TFT T2; applying the second
voltage to the second pixel electrode PB by the second data
line D2 of the two data lines which is electrically coupled to
the source electrode 14 of the second TFT T2.

As illustrated in FIG. 6c¢, the pixel unit comprises a gate
line G1 and two data lines D1, D2. In the above driving
method for the pixel unit, the step of providing the first
voltage to the first pixel electrode P and the step of providing
the second voltage to the second pixel electrode may be
implemented simultaneously, which specifically comprise:
applying a turn-on voltage to the gate line G1 which is
commonly and electrically coupled to the gate electrode 11
of the first TFT T1 and the gate electrode 12 of the second
TFT T2, so as to turn on the first TFT T1 and the second TFT
T2 simultaneously; applying the first voltage to the first
pixel electrode P by the first data line D1 of the two data
lines which is electrically coupled to the source electrode 13
of'the first TFT T1; meanwhile, applying the second voltage
to the second pixel electrode PB by the second data line D2
of the two data lines which is electrically coupled to the
source electrode 14 of the second TFT T2.
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In the following, a specific embodiment of the driving
method for the array substrate will be described in conjunc-
tion with FIG. 4 and FIG. 5 for further clarifying how each
pixel unit in the array substrate is driven.

This method is configured for driving the array substrate
as illustrated in FIG. 4 and adopts the line scanning manner,
i.e. applying a voltage to the gate line row by row.

Specifically, it is assumed that during the time of display-
ing a frame of image, the data voltage Data_in as illustrated
in FIG. 5 is applied to the data line D, of the pixel units in
the i column in the array substrate as illustrated in FIG. 4.
It can be seen from the waveform diagram that, in the
predetermined time intervals t1~t8, the following voltages
are applied on the data line inturn: 0 v, -2 v, +3 v, -2 v, 0
v, 0 v, =2 v, 1 v. Meanwhile, during the time of displaying
the frame of image, the turn-on voltage is applied on the
i=1? gate line to the i+6™ gate line in turn in the predeter-
mined time intervals t1~t8. In other words, during the first
time interval t1, the turn-on voltage is applied on the i-17
gate line G,_,, the first TFT of the pixel unit in the i” row is
turned on, the voltage of 0 v is applied on the first pixel
electrode P being coupled to the first TFT T1 in the pixel unit
C in the i” row and the j* column; during the second time
interval 12, the gate line G,_; in the row is turned off, i.e. the
first TET T1 of the pixel unit in the i-1% row is turned off,
and under the storage capacitance, the voltage on the first
pixel electrode P may be maintained until the display of the
frame of image is completed, the turn-on voltage is applied
on the i” gate line G, the second TFT T2 of the pixel unit
in the i row and the first TFT T1 of the pixel unit in the i+1
row are turned on, the voltage of -2 v is applied on the
second pixel electrode PB being coupled to the second TFT
T2 in the pixel unit C in the i” row and the j* column,
meanwhile the voltage of -2 v is also applied on the first
pixel electrode being coupled to the first TFT T1 in the pixel
unit in the i+1% row and the j** column, so that a voltage
difference of (-2-0)v (i.e. -2 v) is generated between the first
pixel electrode P and the second pixel electrode PB in the
pixel unit in the i row and the i column, and a horizontal
electrical field is generated to drive the pixel unit for
displaying. Similarly, when the i” gate line G, is turned off
and the i+1” gate line G,,, is turned on, the voltage of the
second pixel electrode in the pixel unit C in the i” row and
the j” column may also be maintained until the display of the
frame of the image is completed by the storage capacitance,
and so on. The waveform in solid line indicated by P in FIG.
5 illustrates the voltage being applied on the first pixel
electrode P in pixel unit in each row in turn; the waveform
in dotted line indicated by PB illustrates the voltage being
applied on the second pixel electrode PB in each pixel unit
in turn. Therefore, a voltage difference AV is obtained by
subtracting the voltage on the first pixel electrode P from the
voltage on the second pixel electrode PB, and such voltage
difference is a voltage being configured for controlling the
rotation direction of the liquid crystal molecules in the pixel
unit.

By adopting such a driving method, the absolute value of
the voltage being applied on a single pixel electrode is
significantly reduced while the same control voltage of the
liquid crystal molecules may be obtained. For example, as
illustrated in FIG. 5, the voltage difference between the two
pixel electrodes being obtained during the time interval t2 is
+5 v, and the voltages being required to be applied on the
two pixel electrodes are -2 v and +3 v respectively. If the
structure of the pixel unit with a pixel electrode and a
common electrode in prior art is driven, the voltage on the
common electrode is generally set to 0 v, and a voltage of +5
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v is required to be applied on the pixel electrode for
obtaining the voltage difference of +5 v between the pixel
electrode and the common electrode.

The above descriptions are only specific embodiments of
the present invention, while the protection scope of the
present invention is not limited thereto. Any modification or
substitution that is obvious for those skilled in the art in the
technical field disclosed by the present invention is fallen
into the protection scope of the present invention. Thus, the
protection scope of the present invention is confined by the
protection scope of the claims.

What is claimed is:

1. An array substrate, comprising a plurality of pixel units
arranged in form of matrix, each pixel unit comprising: a
first thin film transistor (TFT), a second TFT, a first pixel
electrode and a second pixel electrode;

wherein a drain electrode of the first TFT is electrically

coupled to the first pixel electrode; a drain electrode of
the second TFT is electrically coupled to the second
pixel electrode; and the first pixel electrode is electri-
cally insulated from the second pixel electrode, so that
when an electric potential difference exists between the
first pixel electrode and the second pixel electrode, an
electric field is generated between the first pixel elec-
trode and the second pixel electrode;

wherein the second pixel electrode is a whole layer coated

electrode; the first pixel electrode is a strip-shaped
electrode; and the first pixel electrode is arranged on
the second pixel electrode having an insulation layer
sandwiched therebetween;

the second pixel electrode directly extends from the drain

electrode of the second TFT.

2. The array substrate according to claim 1, wherein the
pixel unit further comprises two gate lines and one data line;
and

a gate electrode of the first TFT is electrically coupled to

a first gate line of the two gate lines; a gate electrode of
the second TFT is electrically coupled to a second gate
line of the two gate lines; and source electrodes of the
first and second TFTs are electrically coupled to the
data line.

3. The array substrate according to claim 1, wherein each
pixel unit further comprises two gate lines and two data
lines; and

a gate electrode of the first TFT is electrically coupled to

a first gate line of the two gate lines; a gate electrode of
the second TFT is electrically coupled to a second gate
line of the two gate lines; a source electrode of the first
TFT is electrically coupled to a first data line of the two
data lines; and a source electrode of the second TFT is
electrically coupled to a second data line of the two data
lines.

4. The array substrate according to claim 1, wherein each
pixel unit further comprises one gate line and two data lines;
and

gate electrodes of the first and second TFTs are electri-

cally coupled to the gate line; a source electrode of the
first TFT is electrically coupled to a first data line of the
two data lines; and a source electrode of the second
TFT is electrically coupled to a second data line of the
two data lines.

5. The array substrate according to claim 1, wherein the
drain electrode of the first TFT is electrically coupled to the
first pixel electrode via a via-hole; and the drain electrode of
the second TFT is electrically coupled to the second pixel
electrode.
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6. The array substrate according to claim 1, wherein the
first and second TFTs have same parameters.

7. The array substrate according to claim 6, wherein the
first and second TFTs have a same parasitic capacitor.

8. The array substrate according to claim 6, wherein the
first TFT has a first parasitic capacitor between a gate
electrode of the first TFT and the drain electrode of the first
TFT,

the second TFT has a second parasitic capacitor between

a gate electrode of the second TFT and the drain
electrode of the second TFT;

the first parasitic capacitor is equal to the second parasitic

capacitor.

9. The array substrate according to claim 1, wherein two
pixel units that are in a same column and are in neighboring
rows are controlled by one gate line.

10. A liquid crystal display (LLCD) device, comprising the
array substrate according to claim 1.

11. A method for driving an array substrate, wherein the
array substrate comprises a plurality of pixel units arranged
in form of matrix, each pixel unit comprises a first TFT, a
second TFT, a first pixel electrode and a second pixel
electrode; a drain electrode of the first TFT is electrically
coupled to the first pixel electrode; a drain electrode of the
second TFT is electrically coupled to the second pixel
electrode; and the first pixel electrode is electrically insu-
lated from the second pixel electrode, wherein the second
pixel electrode is a whole layer coated electrode; the first
pixel electrode is a strip-shaped electrode; and the first pixel
electrode is arranged on the second pixel electrode having an
insulation layer sandwiched therebetween; the second pixel
electrode directly extends from the drain electrode of the
second TFT; the method comprising:

providing a first voltage to the first pixel electrode;

providing a second voltage to the second pixel electrode;

and

generating an electric field between the first pixel elec-

trode and the second pixel electrode, when a voltage
difference exists between the first voltage and the
second voltage.

12. The method according to claim 11, wherein each pixel
unit further comprises two gate lines and one data line,

the step of providing the first voltage to the first pixel

electrode of the pixel unit comprises:
applying a turn-on voltage to a first gate line of the two
gate lines that is electrically coupled to a gate electrode
of the first TFT, so as to turn on the first TFT; and

applying the first voltage to the first pixel electrode by the
data line that is electrically coupled to a source elec-
trode of the first TFT;

the step of providing the second voltage to the second

pixel electrode of the pixel unit comprises:
applying the turn-on voltage to a second gate line of the
two gate lines that is electrically coupled to a gate
electrode of the second TFT, so as to turn on the second
TFT; and

applying the second voltage to the second pixel electrode
by the data line that is electrically coupled to a source
electrode of the second TFT.

13. The method according to claim 11, wherein each pixel
unit further comprises two gate lines and two data lines,

the step of providing the first voltage to the first pixel

electrode of the pixel unit comprises:

applying a turn-on voltage to a first gate line of the two

gate lines that is electrically coupled to a gate electrode
of the first TFT, so as to turn on the first TFT; and
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applying the first voltage to the first pixel electrode by a
first data line of the two data lines that is electrically
coupled to a source electrode of the first TFT;

the step of providing the second voltage to the second
pixel electrode of the pixel unit comprises:

applying the turn-on voltage to a second gate line of the
two gate lines that is electrically coupled to a gate
electrode of the second TFT, so as to turn on the second
TFT; and

applying the second voltage to the second pixel electrode
by a second data line of the two data lines that is
electrically coupled to a source electrode of the second
TFT.

14. The method according to claim 11, wherein each pixel

unit further comprises one gate line and two data lines,
the step of providing the first voltage to the first pixel
electrode of the pixel unit and the step of providing the
second voltage to the second pixel electrode of the
pixel unit are implemented simultaneously, which com-
prises:

applying a turn-on voltage to the gate line that is com-
monly and electrically coupled to gate electrodes of the
first and second TFTs, so as to turn on the first and
second TFTs simultaneously; and

applying the first voltage to the first pixel electrode by a
first data line of the two data lines that is electrically
coupled to a source electrode of the first TFT; mean-
while, applying the second voltage to the second pixel
electrode by a second data line of the two data lines that
is electrically coupled to a source electrode of the
second TFT.

15. The method according to claim 11, wherein the first
TFT has a first parasitic capacitor between a gate electrode
of the first TFT and the drain electrode of the first TFT;

the second TFT has a second parasitic capacitor between
a gate electrode of the second TFT and the drain
electrode of the second TFT;

the first parasitic capacitor is equal to the second parasitic
capacitor.

16. An array substrate, comprising a plurality of pixel
units arranged in form of matrix, each pixel unit comprising:
a first thin film transistor (TFT), a second TFT, a first pixel
electrode and a second pixel electrode;

wherein a drain electrode of the first TFT is electrically
coupled to the first pixel electrode; a drain electrode of
the second TFT is electrically coupled to the second
pixel electrode; and the first pixel electrode is electri-
cally insulated from the second pixel electrode, so that
when an electric potential difference exists between the
first pixel electrode and the second pixel electrode, an
electric field is generated between the first pixel elec-
trode and the second pixel electrode;

wherein the pixel unit further comprises two gate lines
and one data line; and

a gate electrode of the first TFT is electrically coupled to
a first gate line of the two gate lines; a gate electrode of
the second TFT is electrically coupled to a second gate
line of the two gate lines; and source electrodes of the
first and second TFTs are electrically coupled to the
data line;

wherein the second pixel electrode directly extends from
the drain electrode of the second TFT.

17. The array substrate according to claim 16, wherein the

first pixel electrode and the second pixel electrode are
strip-shaped electrodes.
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18. The array substrate according to claim 17, wherein the
first pixel electrode and the second pixel electrode are
formed on a same layer.

19. The array substrate according to claim 16, wherein the
first TFT has a first parasitic capacitor between the gate
electrode of the first TFT and the drain electrode of the first
TFT,

the second TFT has a second parasitic capacitor between

the gate electrode of the second TFT and the drain
electrode of the second TFT;

the first parasitic capacitor is equal to the second parasitic

capacitor.
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